Background: Distribution equity assessment of computed tomography (CT) and magnetic resonance imaging (MRI) scanners is an important dimension of access to health technology. However, limited studies on the subject have been done in China. This study aims to reveal the distribution status of CT and MRI scanners and assess their distribution equity of them in China.
Background
Computed tomography (CT) and magnetic resonance imaging (MRI) scanners are now common medical equipment in China and play a highly important role in the diagnosis of diseases. CT and MRI scanners belong to the category of Type-IIHigh Technology Medical Equipment (HTME), and are managed by the national and provincial health departments according to the Management Methods on Allocation and Utilization of High Technology Medical Equipment issued in 2005 by the National Health and Family Planning Commission (NHFPC; formerly the Ministry of Health) [1] . HTME refers to either medical equipment included in the management list of the Health Department under the State Council or equipment not included in the list but priced above 5 million Chinese yuan (CNY) and are allocated at provincial level hospitals for the first time. The Certificate of Need (CON) policy, established as the list went into effect, aims to improve "appropriate allocation and the efficient use of medical equipment" through regional health planning and quota control. The NHFPC controls the total amount of HTME in China, and provincial health departments formulate allocation plans under the quota set by the NHFPC [2] . The NHFPC is responsible for the CON licensure of Type-IHTME, whereas provincial health departments are responsible for that of Type-IIHTME. Hospitals must apply for CON before purchasing HTME. The purchase of HTME can be classified into several categories, including hospital-paid, government reimbursement, government-paid and donation, among which hospital-paid is the main mode.
The quantity of CT and MRI scanners increased rapidly in the late twentieth century. Their allocation have become reasonable after the implementation of the CON policy while problems still exist in the utilization of CT and MRI scanners according to limited research. Yan Wei's study corroborated that the use quantity and hospitalization utilization rate of CT and MRI scanners has been increasing, but the outpatient utilization rate was relatively stable based on an investigation on 131 hospitals from 2009 to 2013. The hospitalization rate of CT and MRI scanners in secondary hospitals has reached 50.44% and 19.49% which were well above the international level [3] . Research conducted by Shengnan Duan affirmed that the overutilization and underutilization of CT and MRI scanners coexisted in China based on 1573 medical records from 16 hospitals in 2012. The unreasonable layout of equipment was one of the main reasons for underutilization [4] . A similar conclusion was found in the research directed by Jiaqi Liu based on 801 medical records from 8 hospitals in 2013 [5] . The allocation of HTME has a great impact on utilization. Exploring and improving the distribution of CT and MRI scanners to promote their scientific utilization is necessary.
Some studies contended that although the number of CT and MRI scanners per million population in China was lower than medians in OECD countries, the growth rate was higher in China than most OECD countries [2, 6] . The numbers of CT and MRI scanners in secondary and tertiary hospitals in China were 12,888 and 6762 respectively in 2015 according to statistics from the Chinese Medical Doctor Association (CMDA). With the widespread use and increasing number of CT and MRI scanners in China, macro research has become more important to provide evidence for the improvement of the management policy. However, few studies could provide an overview of CT and MRI scanners in China. Three gaps are identified in the macro research on CT and MRI scanners in China.
First, inconsiderable research evidence validates the distribution trend of CT and MRI scanners in China. Some studies have tried to affirm the distribution of CT and MRI scanners in China to some extent [7] [8] [9] [10] [11] .
Owing to limited provinces or short period, we cannot obtain a clear overview.
Second, only a few studies explore the correlation between health service indicators and the distribution of CT and MRI scanners in China. Studies on the determinants of the distribution of HTME have been conducted by researchers from other countries, but few have been done in China. While some studies have analyzed the influence of population and GDP on the distribution of CT and MRI scanners, few studies have analyzed the influence of health service indicators [2, 12] .
Third, inconsiderable research reveals the changing trend of the distribution equity of CT and MRI scanners in China. Previous studies focus on their equity in a certain region or a short period. The improvement or setback of distribution equity cannot be recognized clearly in China, especially after the implementation of the CON policy [13] [14] [15] [16] [17] [18] .
This study tries to describe the allocation of CT and MRI scanners in China after the implementation of the CON policy. It also aims to conduct preliminary investigation on the influence of health service indicators on the distribution of CT and MRI scanners in China. Given that OECD consists of developing or developed countries and may represent the global average allocation number of CT and MRI scanners, the comparison of the numbers of CT and MRI per million population is made between China and the OECD. We will also evaluate equity as an important aspect of the appropriateness of CT and MRI scanner distribution as well as the changing trend of distribution equity after the implementation of the CON policy. We hope that this study will fill the gaps in the current evidence base to some extent.
Methods

Sample and data collection
Sixty-six cities in five provinces in China were selected as the study sites in our study, including Zhejiang, Guangdong, Hunan, Shanxi, and Shaanxi Provinces. 
Influencing effect of health service indicators on the distribution of CT and MRI scanners
Fixed effect model (FE model) was conducted to deepen our analysis based on the Hausman test and F test [3] . The dependent variable is the absolute numbers of CT and MRI scanners, and the independent variables consist of the population, GDP, number of hospitals, number of health professionals, number of hospital beds, number of outpatient visits, and number of inpatient visits of a given city [12, [19] [20] [21] . Given the strong self-correlation among all health service indicators, they were included in the model separately with socioeconomic variables. The Fixed effect model in this study could be expressed in the following equation where Y it referred to the number of CT or MRI scanners, X k,it to other covariates in the model, a i to the intercept and μ it to error term. Log transformation was used to cope with the abnormal distribution of the number of CT or MRI scanners. Y it + 1 was transformed for the number of CT or MRI scanners since the min value of that is 0. STATA 13.0 was used to conduct the analysis.
Equity assessment on the distribution of CT and MRI scanners
The Gini coefficient and concentration index were used to evaluate the equity of the distribution of CT and MRI scanners. The Gini coefficient was primarily developed and used in economics, but now it has also been widely recognized in public health and epidemiology. The Gini coefficient takes on the value from 0 to 1. According to the conception of the Gini coefficient, the bigger the value, the more inequitable the distribution. A Gini coefficient that is smaller than 0.2 indicates a very low inequity level, and one that is bigger than 0.4 means a high inequity level [22, 23] . The following formula was employed to calculate the Gini coefficient:
where P i is the cumulative proportion of the population in each group; Y i is the cumulative proportion of the health resources in each group; and V i = Y 1 + Y 2 + …… Y i ; i is the fractional rank in terms of the number of CT and MRI scanners from the lowest to the highest number.
The concentration index was introduced to measure the inequity of health and medical services in different socioeconomic conditions by the World Bank. It could quantify the level of inequity of the distribution of health resources relevant to the economy. Its value ranges from − 1 to 1. The bigger the absolute value, the more inequitable the distribution. 0 means absolute equity. The concentration index could also reflect the direction of the distribution of the resource. A positive value indicates that resources gather in the richer area, while a negative value means that resources gather in the poorer area [24] [25] [26] . The following formula.
was employed to calculate the concentration index:
where Y i is the cumulative proportion of CT and MRI scanners, X i is the cumulative proportion of population, and i is the fractional rank according to per capita GDP beginning with the lowest; and CI represents the concentration index. STATA13.0 with the Distributive Analysis Stata Package (DASP) was used to calculate the Gini coefficient and concentration index. DASP is mainly designed to assist researchers and policy analysts who are interested in conducting distributive analysis with Stata [27] .
Results
Numbers of CT and MRI scanners in the study sites Table 1 shows the distribution and average AGR of CT and MRI scanners in the five provinces from 2005 or 2006 to 2013. The numbers of CT and MRI scanners had both been increasing during the period, while the number of MRI scanners grew faster than that of CT scanners. Overall, the numbers of CT and MRI scanners in Zhejiang, Guangdong, and Shaanxi were larger than those in Hunan and Shanxi, and so were the average AGRs that were 12.01%, 11.69%, and 11.78%, respectively, versus 3.11% and 6.96%,respectively, for CT scanners, and 15.40%, 16.03%, 22.94%, respectively, versus 11.61% and 11.50%, respectively, for MRI scanners. Table 2 shows the changing trend of the numbers of CT and MRI scanners per million population in the five provinces from 2005 or 2006 to 2013. While the numbers had been increasing across all five provinces, the numbers in Zhejiang, Guangzhou, and Shaanxi were higher than those in Hunan and Shanxi during the period. The annual growth rates were 10.93%, 10.07%, and 11.50% versus 2.53% and 5.85% for CT scanners, and 14.29%, 14.35%, and 22.64% versus 10.99% and 10.35% for MRI scanners. The numbers of CT and MRI scanners per million population in Shaanxi grew the fastest. Table 2 presents the descriptive statistics for the distribution of CT and MRI scanners in OECD countries. Up to 2013, the mean and median numbers of CT scanners per million population in OECD countries were 22.94 and 17.71 respectively, larger than those of the five provinces in China. The values were same for MRI scanners, which were 13.61 and 11.32 in OECD countries.
Influencing effect of health service indicators on the distribution of CT and MRI scanners Table 3 shows the description statistics of the main variables of sixty-six cities in the five provinces from 2009 to 2013. Owing to the different levels of socioeconomic development in the eastern, central, and western regions, the values of the variables varied greatly. Tables 4 and 5 exhibit the results of the panel regression analysis. Five different health service indicators are included in five regression models respectively combined with population and GDP for CT and MRI scanners. We corroborated that adding the number of health professionals to the model had the largest power to predict the distribution of CT and MRI scanners according to the value of R 2 , and then the number of beds, number of hospitals, number of inpatient visits and number of outpatient visits.
Equity assessment across cities within each of the study sites Gini coefficient Table 6 
Concentration index
Discussion
The lack of scientific management and allocation plan, the allocation of HTME lost control, and an arm-race of HTME were set off among hospitals in the late twentieth century. CT (2015) issued by the government both proposed to reduce the price and income proportion of the examination and treatment of HTME in public hospitals. The allocation level of CT and MRI scanners in Zhejiang and Guangdong in Eastern regions of China is highest among the five provinces. The different levels of socioeconomic development across China may be one of the main reasons for the results, which has been recognized by studies. The result of panel regression analysis in this research also validated the influencing effect of GDP on the distribution of CT and MRI scanners. The influence of economic factors may also lead to concentration in big cities. For instance, the percentage of CT scanners in Xi'an, which is the capital of Shannxi, reached 39.1% of the total in 2013, whereas the percentage of MRI scanners in Guangzhou, Shenzhen and Foshan reached 52.4% of the 21 cities in Guangdong. Attention should be paid to the phenomenon to avoid the over-concentration of HTME and the allocation plan of HTME formulated by the health department should ensure accessibility in poor areas.
Compared with OECD countries, the five provinces had much lower mean and median number of CT scanners per million population. The numbers of CT scanners per million population in Korea and Japan, China's neighboring countries, are much higher than those in China. In fact, Japan has achieved over 100 CT scanners per million population. The numbers of MRI scanners per million population in the five provinces were more than 50% lower than the mean and median in OECD countries. OECD countries also gained more MRI scanners per million population than the five provinces did in 2013. These findings corroborate that the availability of CT and MRI scanners in China is far behind the average level of availability in OECD countries. However, China's annual growth rate is much higher than the average annual growth rate in OECD countries. Given the economic development and health demands of China, the increase in CT and MRI scanners will continue and the gap will be narrowed. However, the number of CT and MRI scanners in OECD countries is just a reference for China. Quantity should not be the only priority, but the reasonable allocation level should be determined as well by combing with actual demand.
Panel regression analysis contends that the number of health professionals and the number of beds have a larger impact on distribution than other variables in the panel regression models. The influencing effect of health service indicators on the distribution of HTME has been confirmed in certain studies [12, 29, 30] . Comparison among health service indicators in our research may extend existing investigations and provide policy recommendations for the allocation plan of HTME in China. The determinants of the distribution of HTME still need further exploration and health service indicators should be involved in future research. The number of health professionals and the number of beds should be emphasized in formulating allocation plan. A formula consisting of these indicators could also be derived to determine the quantity of CT and MRI scanners. In terms of the equity assessment of CT and MRI scanners in the five provinces, the Gini coefficient and concentration index validate that the distribution of CT and MRI scanners is fairly equitable and that the distribution of CT scanners is more equitable than that of MRI scanners. CT scanners are used more widely than MRI scanners, due to the lower price of CT scanners, making them more affordable. Thus, MRI scanners are likely to concentrate in cities with good economic condition. The equity of the distribution of CT and MRI scanners has improved after the implementation of the CON policy. The allocation plan for Type-IIHTME that is issued by the provincial health department has taken economic factors and health needs into consideration to some extent. The Gini coefficients of CT scanners validate that Shaanxi has the most equitable distribution of CT scanners, followed by Hunan, Zhejiang, Shanxi, and Guangdong. Up to 2013, the distribution of CT scanners in Shaanxi, Hunan, Zhejiang, and Shanxi had been in absolute equity, while that of Guangdong had been in relative equity. Shaanxi also had the most equitable distribution of MRI scanners, followed by Zhejiang, Hunan, Shanxi, and Guangdong. Up to 2013, the distribution of MRI scanners in Shaanxi, Hunan, and Zhejiang had been in absolute equity, while that of Shanxi and Guangdong had been in relative equity. The varying levels of socioeconomic development among cities in Guangdong may explain the low equity.
The concentration indices of CT scanners in the five provinces are all positive but no more than 0.25 and have all decreased during the period. It indicates that CT scanners used to gather in cities with good economic conditions, but the situation has improved. The concentration indices of MRI scanners are also all positive and no more than 0.30. The concentration indices in Hunan and Shanxi have decreased, whereas the rest has increased. It indicates that the distribution equity of MRI scanners based on economy is not equitable as that of CT scanners, and that MRI scanners also tend to gather in cities with good economic conditions. Meanwhile, the situation has become even worse in some provinces. The influence of economic factors accords with the regression analysis above, and the results are consistent with the findings of previous studies [16, 17] . Several policy recommendations were made on the basis of the analysis above. First, allocation plan of HTME formulated by the health department should ensure distribution equity in regions of different economic conditions. Financial subsidies and technical support should be taken to support the configuration of HTME in poor or remote areas. Second, the decision on the allocation number is based not only on population or level of other countries, but also on the actual demand of different regions. Some prediction equations should be explored to make precise decisions. Third, the allocation number of HTME could be influenced by socio-economic indicators and health service indicators. Prediction equations should involve these indicators, especially the number of health professionals and the number of beds. Lastly, the health department should prioritize the areas with large gaps of economy, such as Guangdong Comprehensive actions, including policy intervention, economic adjustment and talent support, should be adopted to fill the gaps of the allocation of HTME in these areas.
Limitations
Given the lack of details of CT and MRI scanners in the five provinces, the distribution trends and distribution equity of the different rows of CT scanners and different tesla of MRI scanners were not analyzed in this study. The distribution equity of CT and MRI scanners at the city level was unavailable, which could therefore be accurate in the future. Moreover, only seven variables were included in the panel regression analysis, we were also unable to explore more variables relevant to the distribution of CT and MRI scanners, especially the quantity of older people. The contribution factors of distribution inequity were not explored, either. It means that we cannot provide many suggestions to improve the distribution equity. CT and MRI scanners are now common medical equipment in China. Although they are listed in the management catalogue of HTME, the real development level of HTME may not be revealed through study on them. Therefore further exploration on other HTMEs is necessary.
Conclusions
According to the analysis above, we conclude that large gaps still exist in the distribution of CT and MRI scanners between China and OECD countries. Combined with demand, a reasonable increase in quantity is expected. In addition to GDP and population, health service indicators, especially the number of health professionals and the number of beds should also be emphasized in the allocation plan of CT and MRI scanners. Future analyses should include additional factors to inform the allocation management. The distribution equity of CT and MRI scanners in the five provinces is relatively good. However, areas with large socioeconomic disparities need considerable attention to ensure the distribution equity of CT and MRI scanners. The quantity of HTME in poor or remote areas should be guaranteed in the allocation plan. Along with the development of economy and the health service system, we have experienced a long period of mismanagement of HTME that came with rapid increase in quantity. The implementation of the CON policy helps improve the situation in China and may also help establish the scientific management system of HTME in other fast-developing countries. Moreover, the concentration of HTME in rich areas should be given significant attention and health service indicators should also be considered when formulating the allocation plan in those countries.
